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Abstract

Background: To test the hypothesis that pelvic organ prolapse (POP) and osteoporosis are both manifestations of a connective tissue
disorder, we evaluated whether there is an association between presence of POP and bone imaging biomarkers in postmenopausal women
with low bone mineral density (BMD). Methods: A blind analytical, observational, and prospective cross-sectional study recruited 89
postmenopausal women with low BMD. Women were divided into those with absent/minimal or with moderate-to-severe POP. An X-ray
of the spine was performed followed by a computational image analysis to quantify textural features on each vertebral body. Statistical
analysis with a stepwise binary logistic regression model was used. Results: After 10 steps, the final model showed significance (p <
0.05) in the Omnibus coefficients test. The model classification results were high with over 80% success rates for both groups and an
accuracy of 83%. The verification table showed that 39 of the 46 non-prolapsed patients were classified correctly, while 7 women were
classified as having prolapsed. Among the 43 patients that had prolapsed, 35 patients were correctly classified while 8§ were wrongly
classified. The logistic regression analysis confirmed that both groups (prolapsed and non-prolapsed patients) can be differentiated using
bone biomarkers on plain films. Most of the significant changes were found on the dorsal vertebrae. Conclusions: Pelvic organ prolapse
is related to changes in bone imaging biomarkers, besides BMD. These results support the hypothesis that both pelvic prolapse and
osteoporosis have a common causal origin.
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1. Introduction of the vaginal epithelium and endopelvic fascia [9]. Quan-
titative and qualitative alterations to collagen have been
demonstrated in patients with POP through vaginal biopsy
[10-12].

Osteoporosis is characterised by low bone mass, al-
tered microarchitecture, and increased skeletal fragility that
leads to fractures [13,14]. Although related to age, this
disease is also linked to other secondary factors such as
hereditary, environmental, iatrogenic, and lifestyle factors.
The World Health Organization defines osteoporosis in
postmenopausal women as a decrease in the bone mineral
density (BMD) in the femoral neck and/or spine with a
T-score (measured by dual-energy X-ray absorptiometry)
lower than 2.5 standard deviations [15]. Bone quality is
not included in the definition.

Other analytical tools, such as the Trabecular Bone
Score (TBS), have been used to determine the contribution
of bone abnormalities to skeletal fragility. This technique
yields information related to trabecular microarchitecture,
but the relationship between change in TBS and fracture
risk remains to be elucidated [16].

Pelvic organ prolapse (POP) is the herniation of pelvic
organs through the vagina. The prevalence of this condi-
tion has been estimated at around 3% in women aged over
20 years [1,2]. In their literature review, Barber and Maher
[3] reported that symptomatic POP prevalence increased to
50% after an objective pelvic exam. It is therefore a com-
mon pathology, which decreases affected women’s quality
of life, and is the most frequent indication for gynaecolog-
ical surgery linked to age [4,5].

The causes of POP are multifactorial, its pathophysi-
ological mechanism being not yet fully understood. Some
known (although not sufficient) risk factors are multiparity,
old age and overweight [6]. Several studies have reported
on the association between changes in the connective tis-
sue and POP [7-9]. Initially, Jackson et al. [7] presented a
hypothesis involving alterations in pelvic floor connective
tissue that attempted to explain the development of POP at
the molecular level. This hypothesis was corroborated in
subsequent studies [8,10].

Collagen is the most common protein in the human
body. Types I, Il and V are the main structural components
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Bone loss originates from an imbalance between bone
formation and resorption, with collagen having an impact
on bone metabolism [17]. Type I collagen is the most abun-
dant protein in the human body and the principal component
of bone. It is the main protein in the extracellular matrix
involved in calcification and plays an important role in os-
teoblast differentiation [18].

Both POP and osteoporosis may be partially explained
by an alteration in collagen metabolism, with an association
between POP and decreased bone mineral density [19] and
a relationship between POP and osteoporotic fractures [8,
20,21]. However, there have been no prospective studies
assessing the association between POP and bone quality.

We hypothesize that POP is related to changes in bone
quality beyond a decreased BMD, and that this change may
be quantified by digital image processing techniques. These
changes would predispose patients with POP to a higher risk
of osteoporotic fractures.

2. Materials and Methods

A Dblind analytical, observational, and prospective
cross-sectional study was designed with the aim of estab-
lishing the association between genital prolapse and osteo-
porosis by measuring bone imaging biomarkers other than
BMD.

After approval from the Ethics Committee of our hos-
pital (number 2016/0493), postmenopausal women over 55
years with a BMD indicative of severe osteopenia (T-score
<-2) or osteoporosis (T-score <-2.5), of Caucasian and
Hispanic ethnicity, were recruited between October 2017
and May 2019.

The exclusion criteria were a history of premature
menopause without treatment, symptomatic prolapse diag-
nosed before menopause, nulliparity, secondary osteoporo-
sis due to diseases or long-term (>3 months) corticosteroid
treatment, and patients with current or past treatment for
osteoporosis.

We performed 468 densitometric studies (BMD) and
selected those cases with a column T-score <—2 (164 cases).
All participants signed an informed consent.

Patient were divided into two groups according to the
absence or presence of POP, and assessed by an expert gy-
naecologist with 20 years’ experience using the pelvic or-
gan prolapse quantification (POP-Q) system [22]. Prolapse
was defined as the descent of any compartment to level II
or higher, whether symptomatic or not.

All patients were scheduled for a lateral X-ray of
the spine. Each vertebral body from D4 to L5 was seg-
mented manually (itk-SNAP software, University of Penn-
sylvania, Philadelphia, PA, USA) [23]. The observers were
blinded to the patient’s group (Fig. 1). Then, from each
segmented vertebral body, textural features were computed
using the QP Texture® tool (Quibim, Valencia, Spain). Fi-
nally, morphological variables such as the antero-posterior
and antero-medial ratios were assessed (Fig. 2).
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Fig. 1. Recruitment flowchart. POP, pelvic organ prolapse.

Textural analysis can be used to obtain descriptors to
characterize the structural heterogeneity of vertebral bod-
ies. First-order textural analysis involves extracting fea-
tures from the histogram of pixel intensities, mainly kurto-
sis and skewness. Kurtosis provides information on which
intensity values of the histogram are more concentrated in
the centre and in the tails of the distribution, or whether it is
a flatter histogram with smaller tails (Fig. 3). Second-order
textural analysis considers the distribution of pixel inten-
sity values in image space. A “Gray level Co-Occurrence
Matrix” (GLCM), which is one of the most used applica-
tions for textural analysis in radiology [24], was used in the
current study.

Nineteen second-order textural features were ex-
tracted from the GLCM: autocorrelation, cluster promi-
nence, cluster shade, contrast, correlation, difference en-
tropy, difference variance, dissimilarity, energy, entropy,
homogeneity, information measure of correlation 1, in-
formation measure of correlation 2, inverse difference,
maximum probability, sum average, sum entropy, sum of
squares variance, and sum variance. All of these provide
information about the heterogeneity of the area under study.

3. Results

For the final statistical analysis, we eliminated from
the database those patients for whom complete radiological
coverage (L1-L5 and D4-D12) was not available. This re-
duced our database to 89 patients: 46 in the prolapse group
and 43 in the non-prolapse group. We performed a descrip-
tive statistical analysis of the population (Table 1), prior to
the computational image analysis results.
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Fig. 2. Segmentation and measurement of vertebral heights.

Table 1. Clinical characteristics of the postmenopausal women (mean =+ standard deviation (SD)).

Moderate to severe POP (n =43)

Absent POP (n=46) p-value

Age (years) 68.00 £ 8.34 61.91 +4.74 0.000
Age at menopause (years) 49.57 £ 3.85 50.45 +3.38 0.000
BMI (kg/m?) 27.20 +4.10 25.10 +3.54 0.012
Vaginal delivery 242 +1.23 1.69 + 1.00 0.003
Lumbar spine (T-score) -2.61 + 0.61 -2.69 +0.54 0.428
Femur neck (T-score) —1.78 + 0.88 —1.60 + 0.54 0.298
Smoking (incidence) 0.34 0.023
Familiar fracture (incidence) 0.19 0.179
Personal fracture (incidence) 0.06 0.314
Falling (incidence) 0.08 0.379

BMI, body mass index; POP, pelvic organ prolapse.

- Curtosis 1
B curtosis |

- Skewness > 0
B Skewness <0

Fig. 3. Histogram features.
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The database was restructured so that, for each patient,
all the variables of each vertebra were considered, instead
of considering vertebrae as separate entities.

Due to the high number of variables, and the lack of a
theoretical and intuitive basis for choosing which variables
were optimal for the model, a “stepwise” logistic regression
methodology was chosen; the system automatically chose
which were the most significant variables for maximizing
the model’s classification success.

SPSS V.25 (IBM, Armonk, NY, USA) was used for
the statistical analysis. Student’s ¢ test was performed on
the restructured database, obtaining 41 significant variables
of the 392 measured (p < 0.05). Thirty-nine of these vari-
ables (95.1%) were extracted from the dorsal vertebrae, and
37 (90.2%) were related to a specific vertebral group: from
D5 to D9. The Student’s ¢ test showed that there were sig-
nificant differences in bone imaging biomarkers in the D5—
D9 group of vertebrae that were useful for discriminating
between the two groups of patients.

Some textural features with statistically significant
differences were highly correlated with each other (Fig. 4),
and therefore, to control the collinearity between variables,
a “stepwise” methodology was conducted for feature selec-
tion. We used a binary logistic regression method to dif-
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Fig. 4. Correlation matrix between variables.

Table 2. Indicators of the goodness of fit.

Omnibus test

Cox and Snell R-squared  Nagelkerke R-squared

Hosmer and Lemeshow test

0.000 0.496

ferentiate between prolapse and non-prolapse groups, and
after 10 steps we obtained a final model that had a p-value
< 0.05 in the Omnibus coefficients test. The Cox and Snell
R-squared and Nagelkerke R-squared analysis yielded un-
usually high values, which indicated a good fit of the model.
The Hosmer and Lemeshow test was another indicator of
the goodness of fit, showing non-significant differences (p
> 0.05) between the predicted probabilities and the ground
truth (Table 2). The model classification results were high,
as over 80% success rates were obtained from both groups
with an accuracy of 83% (Table 3).

The verification table showed that 39 of the 46 non-
prolapsed patients were classified correctly, while 7 women
were classified as having prolapsed. Among the 43 pa-
tients that had prolapsed, 35 patients were correctly clas-
sified while 8 were wrongly classified. The logistic regres-
sion analysis confirmed that both groups (prolapsed and
non-prolapsed patients) can be differentiated using bone

0.661 0.137

Table 3. Model classification rates.

Predicted Percentage correct
POP  Non POP

POP 39 7 84.8%
Observed

Non POP 8 35 81.4%
Global percentage 83.3%

POP, pelvic organ prolapse.

biomarkers on plain films. Most of the significant changes
were found on the dorsal vertebrae.

Once the analysis was complete, 10 variables were in-
cluded in the model, all of them with a significant Wald
statistic (p < 0.05) (Table 4). The logistic regression anal-
ysis confirmed the results of the Student’s ¢ test; most of
the changes that allowed discrimination between the groups
were located on the dorsal vertebrae (9 of the 10 variables
introduced in the model).
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Table 4. Significant Wald statistic of the variables included in

the model.

Variable Sig

Auto correlation D6 0.000
Auto correlation D4 0.000
Cluster prominence D9 0.005
Difference variance D9 0.001
Sum entropy D5 0.013
Kurtosis D10 0.021
Kurtosis D5 0.006
Ratio AM (normal) D7 0.004
Ratio AP (normal) D7 0.030
Ratio AP (normal) D6 0.009

AM, anteromedial; AP, anteropos-

terior.

Table 5. Variance inflation factor (VIF) measurements.

Variable VIF
Auto correlation D6 1.293
Auto correlation D4 1.329
Cluster prominence D9 1.450
Difference variance D9 1.443
Sum entropy D5 2.852
Kurtosis D10 1.455
Kurtosis D5 2.651
Ratio AM (normal) D7 1.274
Ratio AP (normal) D7 1.414
Ratio AP (normal) D6 1.608

VIF, variance inflation factor; AM,
anteromedial; AP, anteroposterior.

VIF (variance inflation factor) measurements were
performed to confirm that the selected variables did not suf-
fer high collinearity effects (Table 5) [25]. All the variables
in the model had a VIF lower than 10.

4. Discussion

Our study confirms that POP is related to changes
in bone quality imaging biomarkers besides a low BMD.
These objective changes occur more frequently at the dor-
sal level. Analysis of imaging biomarkers in digital plain
films of the spinal column allowed us to differentiate be-
tween groups of patients with and without pelvic prolapse.
The radiomic changes can be objectively extracted by digi-
tal image processing techniques, supporting the hypothesis
that both entities have a common causal origin.

Since osteoporosis and POP are a major public health
problem, due to their associated morbidity and mortality,
the demonstration of a common causal origin may allow a
better diagnostic approach and treatment options for both
conditions. The fact that most of the spinal changes related
to POP are located in the dorsal vertebrae may be related

&% IMR Press

to the predisposition of this area to osteoporotic fractures,
since this is the region in which they most frequently appear.

During recent years new theories have emerged sug-
gesting that collagen alteration could play a major role in
the development of osteoporosis, given its role in bone
metabolism and the maintenance of mechanical resistance.
For example, we know that the organin matrix of the bone
is constituted mostly by collagen fibres (85—90% of the pro-
tein component of the matrix) [19].

The alteration of this collagen fibers explains why
many hereditary connective tissue disorders have been as-
sociated with fractures [26].

Abnormalities of the connective tissue of the pelvic
floor have also been considered an important aetiological
factor in genitourinary prolapse given that connective tis-
sue and extracellular matrix components play a vital role in
maintaining the normal position of pelvic floor organs. It is
been widely demonstrated that congenital weakness of con-
nective tissue due a genetic mutation is a predisposing risk
factor for POP [27].

There is evidence of differential gene expressions lev-
els of cartilage oligomeric matrix protein, collagen I, and
metalloproteinase-9 between patients with POP and control
individuals [28,29]

Jackson’s [ 7] hypothesis, postulated two decades ago,
remains valid: the degradation of collagen due to an in-
crease in the metalloproteinase enzyme may take place in
young patients with POP.

In the long term, collagen content in the tissue de-
creases, and in addition, many of its cross-links will be im-
mature, giving rise to new collagen that degrades easily.
This negatively impacts mechanical resistance and makes
the tissue (bone and tendons, fascias, ligaments and muscles
of the pelvic floor) more fragile and susceptible to rupture.

We are aware of some limitations of our study in terms
of the size of the database and the classification of popu-
lations. This prospective study attempted to reduce bias as
much as possible using strict exclusion criteria to avoid hav-
ing patients with secondary osteoporosis. A larger database
would be necessary to verify the significance of the imag-
ing biomarkers. The application of a classic Genant test to
the database would be useful to determine whether the ob-
jective changes in pixel intensity and texture are translated
in osteoporotic bone fractures and could be used in clini-
cal practice. In addition, statistical tools should be used to
control the collinearity between variables so we can obtain
more reliable results.

In summary, pelvic organ prolapse and bone quality
imaging biomarkers, other than BMD, are related, mainly
at the dorsal level.

5. Conclusions

Our study confirms that pelvic organ prolapse is re-
lated to changes in bone imaging biomarkers other than
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BMD. These results support the hypothesis that both pelvic
prolapse and osteoporosis have a common causal origin.

Studies with a larger sample size are needed to deter-
mine whether these results could be used to predict osteo-
porotic bone fractures.
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